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x = ϕ(X, t) x
F = ϕ
F






J = detF =
V
V0
, Js = detFs =
Vs
V0
, j = det f =
V
Vs

















Js = 1 +
νnf,a
V0




Ψ(F) = Ψ(f , Js) = Ψ (Js) + Ψ (Js) + Ψ (f , Js).










































J̇s − j · µ ≥ 0.
c = fT f
P = −qF−T + 2J−1/3s f
∂Ψ
∂c






P σ = J−1s PF
T


























s P : f
µ0
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Ψ(f , Js) =
µ0
ν




















(I1 − 3− 2 lnJs) .
Js c




























J−1s (q − C0) .
Ψ̂(f , µ) = µc−Ψ(f , Js) =
µ
ν
(Js − 1)−Ψ(f , Js),
Ī1 = J
−2/3
s I1 I1 kT/ν


































kT = 4 · 10−21



































φf = 30, 60, 80%





































































µ = µ0 λ2
P11 λ1






λes = 3.7, 3.0, 2.3













































C10 = 0.05 D = 0
k1 = 3
a k2 = 10
a κ = 0 γ = ±30
C0 = 0.1 χ = 0.1 φf = 80
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